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OBSERVATIONAL CONTEXT

The gravitational-wave background searches across bands
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Evidence for a correlated GWB

NANOGrav Collaboration, arXiv:2306.16213
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COSMIC STRINGS

What are cosmic strings?

One-dimensional defects that may form during symmetry breaking in the early Universe.

A string network The network produces loops

-8 K
@) \/\ @)

Loops oscillate and emit gravitational waves.

String tension: Gu

[llustrations: Cambridge Cosmology Group / LIGO

Their accumulated radiation forms a broad-band gravitational-wave background.



LOOP RADIATION

Cusps and Kinks radiate gravitational waves

Cusp Kink Kink—Kink collision
Approach
Collision
Tangent discontinuity
.
A point briefly moves A sharp bend propagates Two oppositely moving
at nearly the speed of light. along the string. kinks meet.

e (f)] oc f743 i (f)| o< 773 | (f)] oc f72

Bursts from these features dominate the gravitational-wave emission from cosmic-string loops.
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TRADITIONAL CALCULATIONS

Two methods for calculating the spectrum

Vachaspati & Vilenkin (1985) Damour & Vilenkin (2000)
Harmonic expansion Fhys. Rev. D 31, 3052 Burst superposition arXiv:gr-qe/0004075
Blanco-Pillado & Olum (2017) Siemens et al. (2007)
arXiv:1709.02693 arXiv:astro-ph/0610920

Qp(f) = 87(G)” e PR ACRRINR1C)), g(f) = ' /dzdllh (f.z l)lzdzR
H 3H? = Hr H(z)(1 +z)° % 3H? N dzdl

. . . . o hs(f,z,1): Fourier-domain burst strain
Py = Ay j~ % : dimensionless power in harmonic j s(f>20)

2
n(l,t): loop number density d” R

: observed burst-event rate
dz dl

A multi-band constraint needs a common physical description.

When do these calculations agree, and which spectrum should we use across bands?
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CONTEXT

What did earlier comparisons establish?

Continuum approximation Plateau consistency High-mode convergence

more harmonics

M= > - =

v

f S — f
Replace the discrete spectrum Compare the two calculations Recover the high-frequency tail
by a continuous one. on the radiation-era plateau. by including more harmonics.
Binétruy et al. (2012) - arXiv:1201.0983 Auclair et al. (2020) Cui, Lewicki & Morrissey (2020)
Ringeval & Suyama (2017) arXiv:1909.00819 arXiv:1912.08832

arXiv:1709.03845
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FORMAL CONNECTION

A fundamental kernel connects the two descriptions

n2/[f(1+2)],t(2))
K1) = f/ H) (1 +2)8

Harmonic Burst
Discrete normalized average Continuous normalized average
Z JTEK)) / dx x K (f /x)
=1
(Ko = (Kyp = =2
= ds dx x~4s
> I,
j=1
Qu (f) = CT(K)n Qp(f) = CT(K)s
_ 8n(Gp)’

3H? I's : power in radiation channel s



READING THE KERNEL

One kernel determines the spectrum at every frequency

: BOS / Model A
26 100 -
o = f1 S =1 Example: observed f = 10~ Hz
107 é_ Cee————
& B
LIEJ 10—28 E_
X
10—29 E_
1030;—
. | | | | | | | |
10712 107° 107° 1073 10° 10 106 10° 10"
Kernel frequency [Hz]
<€

Continuous range: 0 < f/x < f/d;

Harmonic: weighted discrete samples Burst: a weighted continuous integral
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PLATEAU AND RISING BRANCH

Why the spectra agree on the plateau and differ below it

—eo— Harmonic: hold K(f/j) in each cell = Burst: follow the continuous kernel

x10728

Plateau " Rising branch j=1
T+ .
- . Jj=2 — ®
= - j=3
B j=3 j=2 j=1 N
el ° ® g O e
b . | A
: 1077 |-
é -
< | <
21
1 QH = Qp QH > Qp
| | | | | | | I |
0.2 0.4 0.6 0.8 1.0 0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 B
f/] [Hz] x10 f/] [Hz] x10

Normalized weights: p; = j7%/{(qy), p(x) =x79 /f(sOO u 4du

A constant kernel gives the same average;
a rising kernel makes the way we sample it important.
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SPECTRAL COMPARISON

Cosmic-string spectra for Models A and B

Background spectra
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PREVIOUS ANALYSES

Previous O4a constraints: fixed cusp and Kink choices

LVK Collaboration, arXiv:2510.26848
N. =1, Ny =1,...,200

Model A Model B
10_6§ 10_6 lllllllllllllllllllllllllllIllllllllllllll'l]'l'l'|'||||||||||||||||'||||||l|'||||l|l'§
10_8? : 1078 _
10'102: -—- 10710
GILL 10_12%_ é GILL 10-12 —l—l—l—l—l—l—l—l—l—n—l—l—-—l-_%
1071, 1074
e A - = PTA ol [ VK —
([=== CMB ===: CMB i BBN
gt ————r—r——— ] et ——r—r——— ]
1 20 40 60 80 100 120 140 160 180 200 1 20 40 60 80 100 120 140 160 180 200
Nk Nk
Discrete fixed- (N., Ni) Cosmic-string-only Outdated PTA
comparisons analysis constraints
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BAYESIAN ANALYSIS

Cosmic-string priors and the multi-band analysis

Parameter Physical meaning Prior Induced prior
. . x1072
log,o Gu String tension U(-18,-6)
1.0+
N, Mean cusp number U(0,3) \E
0.5
N Mean kink number U(l,10 l l
k (1,10) 0.0} = —
r
LVK O1-O4a NG1S5yr / EPTA DR2new Joint
Cosmic strings + CBC Cosmic strings + SMBHB Shared string parameters
Cross-correlation spectra HD-correlated free spectra Both detector bands

In Ljoint = In Lyvk + In Lpra
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RESULTS

Constraints for four loop distribution models
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Models B/ C-1/C-2: LVK dominated

Harmonic gives tighter LVK bounds than burst
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ACTUAL POSTERIORS

Which band controls the joint tension bound?

—— LVK posterior —— NG15yr posterior —— Joint posterior
A LVK bound A NGI15yr bound A Joint bound
1.0~
Model A » s Model B
0.8~ n
z " 220t
5 5
3 0.6~ < sk
S -
2 =
E_) 0.4 E 1.0+
0.2 0.5
—— —
| IR | \I J \| |
0'918 -14 -10 -6 O'(—)18 -14 -10 -6
A A
A A

logyy Gu
Model A: Joint follows PTA

logyo Gu
Model B: Joint follows LVK
The LVK bound lies far below the PTA posterior peak.
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CUSP AND KINK NUMBERS

What do the data tell us about radiation uncertainty?

—— LVK = NGI15yr = Joint ---- Uniform prior
Cusps, N, Kinks, Ny
L 0.15
£ 0.10
Model A Z o5 |
Q |
0.0 | | | 0.00 | | |
0 1 2 3 1 4 7 10
LOR 0.15
Model B 2 05 '
[
0.0 I I I 0.00 I I I
0 1 2 3 1 4 7 10

LVK: prior-dominated posteriors for {N., N }.
PTA: large {N,., N} are disfavored.
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Thank you for your attention!
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CROSS-CHECK / EPTA

EPTA gives similar results
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The same pattern: Model A is PTA dominated; Models B, C-1 and C-2 are LVK dominated.



BACKUP / THERMAL HISTORY

Relativistic species leave steps in the kernel

10—26 [ 10723 -

(a) Model A s (b) Model B
. - e
10-2 ;/ 7 1025 /“:\
R 0 Radiation-era dominance
1072 #
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|
2, 10—35 L
= 10-31 perfectly flat kernel.
Nt -38 |
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1074 |- _
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0.0
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